INTRODUCTION
Pulsatilla chinensis Regel is a perennial herb of Pulsatilla in Ranunculaceae, native to China, distributed in northeast China, north China, east China and other regions, like light, and born in wasteland and wilderness [1] . Roots, leaves and flowers of Pulsatilla chinensis can be used as medicines, which belongs to traditional Chinese medicinal materials in China and is mainly effective as saponin ( Pulsatilla saponin A 3 , Pulsatilla saponin Ш, cephalin B 4 ). pharmacological studies show that it has antitumor, anti-parasitic and antioxidant effects [2] . At present, the research on Pulsatilla chinensis mostly focuses on chemical composition [3] . , pharmacological action [4] .
, tissue culture and propagation [5] . and seed germination [6] .
, and the research on artificial cultivation technology is still in its infancy, and there are few reports on the research on the high-yield fertilization technology of Pulsatilla chinensis, and fertilization in Pulsatilla chinensis production mostly depends on farmers' experience, resulting in environmental pollution and resource waste. In this study, field experiments were designed with three factors quadratic saturation and D-optimal design, and the effects of nitrogen, phosphorus and potassium formula fertilization on leaf photosynthetic characteristics, dry matter yield and total saponin content of Pulsatilla chinensis in growth stage were analyzed in depth, in order to determine the optimal fertilization amount of nitrogen, phosphorus and potassium, and provide theoretical basis for standardized production of Pulsatilla chinensis.
MATERIALS AND METHODS

General Situation of the Test Site
The experiment was conducted in the training base of Jiangsu vocational college of agriculture and animal husbandry science and technology (32 27' 42'' N, 119 55' 57'' E ), located in the middle of Jiangsu province, with an average annual temperature of 14.4 ℃ -15. 
Test Design
This experiment adopts the three-factor quadratic saturation and D -optimal design, selects three kinds of fertilizers, namely nitrogen, phosphorus and potassium, and sets four levels for each fertilizer, CK as the control, and sets 10 treatments in total, and repeats them for three times. see table 1 for specific scheme design. In early April, 2017, all fertilizers were evenly mixed according to the design scheme, furrowing between rows, and top dressing was applied in two times, and other management measures in each community were the same. 
Test methods
Determination of Photosynthetic Parameters
From April to September, 2017, the fully expanded functional leaves ( 3rd to 4th leaves from outside to inside ) were selected in the middle of each month to measure photosynthetic parameters, and on sunny morning ( 9: 00 -10: 00 ), the fully expanded functional leaves of Pulsatilla with different fertilization treatments were measured by ciras -2 portable photosynthetic measurement system, including net photosynthetic rate (Pn), stomatal conductance (GS), intercellular CO 2 concentration (Ci) and transpiration rate (Tr ). During the determination, the light intensity is about 800 μmol.m -2 .s -1 , the atmospheric temperature is ( 25±1℃ ), and the atmospheric CO 2 concentration is 400±10μmol.mol -1 .
Determination of Dry Matter
From April to September, 2017, samples were taken in the middle of each month, and 10 plants were randomly selected for each treatment. after cleaning, the above-ground part was separated from the underground part, and the above-ground part was de-enzyme in an oven at 105 ℃ for 15 min, and then the underground part was dried to constant weight in an oven at 60 ℃ together with the underground part, and the dry matter weight was weighed, and the root-shoot ratio was calculated.
Determination of Total Saponin Content Pulverizing Dried Roots of Each Treatment
Sieving with 60 mesh sieve, extracting total saponin by ultrasonic method, and determining total saponin content by vanillin -perchloric acid colorimetry [7] . Excel 2013 was used for data processing and tabulation, and DPS 9.50 software was used for variance analysis, significance test (Duncan new complex polar difference method) and correlation analysis.
RESULTS AND ANALYSIS
Effects of Different Fertilization Treatments on Photosynthetic Characteristics of Pulsatilla Chinensis
As can be seen from table 2, compared with the control (treatment 1), photosynthetic parameters of Pulsatilla chinensis leaves in different treatments increased to different degrees, and the differences were significant or extremely significant. Single application of nitrogen fertilizer, phosphate fertilizer and potash fertilizer promoted the net photosynthetic rate, stomatal conductance, intercellular CO 2 concentration and transpiration rate of Pulsatilla chinensis leaves in detail. among them, single application of nitrogen fertilizer promoted the most obvious effect, followed by single application of phosphate fertilizer, and the difference among them reached significant level. The effects of nitrogen, phosphorus and potassium fertilizers on photosynthetic parameters of Pulsatilla chinensis leaves were as follows: nitrogen-phosphorus combination > nitrogen-potassium combination > phosphoruspotassium combination. In the treatment of nitrogen fertilizer, phosphate fertilizer and potash fertilizer, the promotion effect of stomatal conductance and transpiration rate in treatment 9 was the most obvious, and the promotion effect of net photosynthetic rate and intercellular CO 2 concentration in treatment 10 was the most obvious. 
Table2. Photosynthetic parameters of different fertilization in Pulsatilla chinensis（
Effects of Different Fertilization Treatments on the Yield and Total Saponin Content of Pulsatilla Chinensis
From table 3, compared with the control (treatment 1), the dry weights of the aerial parts and roots of Pulsatilla chinensis in each treatment increased to different degrees, and the differences were significant or extremely significant. Single application of nitrogen fertilizer, phosphorus fertilizer and potassium fertilizer significantly promoted the growth of aboveground parts, among which single application of nitrogen fertilizer promoted the most obvious effect, followed by potassium fertilizer, and finally single application of phosphorus fertilizer. the difference between the three reached significant level. Among the treatments of nitrogen fertilizer, phosphorus fertilizer and potassium fertilizer, the treatment of 9 aerial parts showed the most obvious effect of increasing yield, with 96.30 % increase. In addition, single application of nitrogen fertilizer increased root weight as the most obvious, followed by phosphate fertilizer. Among the treatments of nitrogen fertilizer, phosphate fertilizer and potash fertilizer, the root weight of treatment 10 had the most obvious effect of increasing yield, with 67.86 % increase.
The total saponin content of Pulsatilla root in each treatment was significantly higher than that of the control (treatment 1), and the total saponin content increased by 25.07 % -64.36 %, and there was significant difference among the treatments. The yield increase effect of phosphate fertilizer alone on total saponin content is the most obvious, followed by nitrogen fertilizer and potassium fertilizer alone. The effect of nitrogen fertilizer, phosphate fertilizer and potassium fertilizer on the total saponin content in Pulsatilla chinensis was as follows: nitrogen-phosphorus combination > phosphorus-potassium combination > nitrogen-potassium combination. Among the treatments of nitrogen fertilizer, phosphate fertilizer and potash fertilizer, the yield increase is the most obvious among the treatments with 10 total saponin contents. 
Table3. Biomass and total saponins contents of different fertilization in Pulsatilla chinensis（
Correlation Analysis Between Photosynthetic Characteristics, Quality and Yield of Pulsatilla Chinensis
As can be seen from table 4, there is no significant correlation between root removal dry weight and transpiration rate after different nitrogen, phosphorus and potassium fertilization, and there is a significant or extremely significant positive correlation between photosynthetic parameters of Pulsatilla chinensis leaves and dry weight of aboveground parts, dry weight of roots and total saponin content, which indicates that the optimization of photosynthetic characteristics of Pulsatilla chinensis growth after nitrogen, phosphorus and potassium fertilization improves the yield and quality of Pulsatilla chinensis.
DISCUSSION AND CONCLUSION
Effect of Nitrogen, Phosphorus and Potassium Fertilization on Photosynthetic Characteristics of Pulsatilla Chinensis
Plant photosynthetic parameters to some extent reflect the growth of plants. Nitrogen, phosphorus and potassium have obvious effects on plant photosynthesis, especially phosphorus. proper phosphorus application can promote the transmission and phosphorylation of photosynthetic electrons, reduce quantum demand and increase net photosynthetic rate [8] . In this study, the photosynthetic parameters of Pulsatilla chinensis leaves showed high consistency and had high correlation with the yield and quality of Pulsatilla chinensis. it showed that fertilization could improve the effect of " metabolic source" of Pulsatilla chinensis leaves, produce more nutrients and finally store them in " metabolic pool", thus improving the yield and quality of Pulsatilla chinensis. In addition, in the formula fertilization of nitrogen, phosphorus and potassium, the single application of potassium fertilizer had little influence on photosynthetic parameters of Pulsatilla chinensis, which might be related to the higher concentration of available potassium in the soil of this test site (water network area of lixiahe plain).
Effect of Nitrogen, Phosphorus and Potassium Fertilizer on Yield of Pulsatilla Chinensis
In the research of nitrogen, phosphorus and potassium formula fertilization, the research on crop yield is the most concentrated field at present. through formula fertilization, the best fertilization scheme and the best yield can be found. The early balanced fertilization scheme mainly aims to maintain the original fertility level of soil and supplement the nutrient elements consumed by crops, while the modern balanced fertilization scheme develops in depth and diversity, aiming at obtaining larger yield (biomass) on the premise of not affecting the nutrient balance. The results showed that nitrogen fertilizer had the greatest influence on the aboveground part and root yield of Pulsatilla chinensis. phosphorus fertilizer had greater influence on the aboveground part yield than potassium fertilizer, while potassium fertilizer had greater influence on root yield than phosphorus fertilizer, which indicated that different parts of Pulsatilla chinensis had different requirements on fertilizer. nitrogen and phosphorus combined application might be more beneficial to photosynthesis and growth of aboveground part, while nitrogen and potassium combined application was more beneficial to dry matter accumulation of roots. Huang qiaoyi and other studies found that nitrogen fertilizer had the greatest influence on cassava biomass, followed by potassium fertilizer and phosphorus fertilizer [9] ; Li hong and other studies found that nitrogen fertilizer had the greatest influence on bletilla striata yield, followed by phosphate fertilizer and potash fertilizer [10] , which might be related to different plant species, different research plant organs and different soil and environmental quality in the test site.
Effects of Nitrogen, Phosphorus and Potassium Fertilizer on the Quality of Pulsatilla Chinensis
In the research of nitrogen, phosphorus and potassium fertilization, the quality of the final harvest products of crops has always been one of the important parameters of the research. The results of this study show that phosphate fertilizer has a great influence on the quality of Pulsatilla chinensis. phosphorus is the key factor to realize various functions in plant life, and it helps to store and transport energy. at the same time, it is also one of the main participants of biological substances such as phosphoric acid, phosphoprotein, phospholipid and phosphosugar [11] . Zhao kai et al studied the effects of nitrogen, phosphorus and potassium on onion yield and quality, and found that phosphate fertilizer had the greatest effect on onion quality, followed by nitrogen fertilizer and potassium fertilizer, which was similar to the results of this study [12] . To sum up, Pulsatilla chinensis is a nitrogen-loving plant, which requires a large amount of nitrogen fertilizer. phosphate fertilizer has a larger influence on photosynthetic characteristics, root growth and quality, and potassium fertilizer has a more obvious influence on the growth of aboveground parts. The precise fertilization research of medicinal plants should pay attention to the yield and the quantity of secondary metabolites at the same time. the balanced application of nitrogen, phosphorus and potassium has a good promoting effect on the yield and quality of Pulsatilla chinensis. considering the yield and quality comprehensively, the optimal fertilization scheme is 180 kg / hm 2 nitrogen, 225 kg / hm 2 phosphorus and 79.8 kg / hm 2 potassium, which is worthy of application and popularization.
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